The optimized molecular structures, vibrational frequencies and corresponding vibrational assignments of the two planar O-cis and O-trans rotomers of 2,4-, 2,5-and 2,6-difluorobenzaldehyde have been calculated using ab initio Hartree-Fock (HF) and density functional theory (B3LYP) methods with the 6-311++G(d,p) basis set level. The calculations were adapted to the C S symmetries of all the molecules. The O-trans rotomers with lower energy of all the compounds have been found as preferential rotomers in the ground state. The mean vibrational deviations between the vibrational frequency values of the two conformers of all the compounds have been shown to increase while the relative energies increase, and so it has been concluded that the higher the relative energy between the two conformers the bigger is the mean vibrational deviation.
Introduction
2,4-, 2,5-and 2,6-difluorobenzaldehydes (DFBs) are benzene derivative molecules, having the chemical formula C 6 H 3 (CHO)F 2 . In the last decades coordination chemistry of Schiff bases, derived from aldehydes, has received much attention [1, 2] . Benzaldehydes, lacking electron-donating substituents and possessing electron-withdrawing groups, yield benzoic acids [3, 4] . Ekaeva et al. have reported the BaeyerVilliger oxidation of fluorobenzaldehydes [3] . Difluorobenzaldehydes can be used as starting substrates in the synthesis of bioactive materials which are for example efficient pesticides and medicines [5] . Itoh et al. have investigated the three structural isomers of fluorobenzaldehydes (p-, m-and o-forms) in detail with matrix isolation infrared (IR) spectroscopy and density functional theory (DFT) calculations, and they have identified two planar rotomers (syn and anti) for m-and o-fluorobenzaldehydes [6] . Many studies have been focused on the identification of these two rotomers [7 -11] . But we have not found similar studies for DFBs.
In this present study we have calculated the optimized molecular geometries and complete vibration spectra of 2,4-, 2,5-and 2,6-DFBs to determine the preferential conformation of the aldehyde (CHO) 0932-0784 / 08 / 0300-0175 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com group in the ground state using ab inito HartreeFock (HF) and DFT (B3LYP) methods with the 6-311++G(d,p) basis set and investigated the effect of the change in conformation on the vibrational frequencies.
Computational Methods
The vibrational frequencies and optimized structure parameters of DFBs have been calculated by using HF and B3LYP methods with the 6-311++G(d,p) basis set level. All computations have been performed on a personal computer using the Gauss-View molecular visualization program [12] and Gaussian 03 program package [13] , and the scale factors of 0.9051 and 0.9614 are used for HF and B3LYP with the 6-311++G(d,p) basis set, respectively [14] .
Results and Discussion
DFBs are molecules having 14 atoms and belonging to the point group C S . The three Cartesian displacements of the 14 atoms provide 42 internal modes, namely
From the character table for the C S point group, since [15] . Thus, for the title molecules, 25 of all the 36 vibrations are in-plane and 11 out-of-plane. Since the molecules are in the C S group, all the vibrations being anti-symmetric through the mirror plane of symmetry σ h belong to the species A , and the others being symmetric through σ h belong to the species A . Thus, all the vibrations of the A species are in-plane, and those of the A species are out-of-plane. This is indeed found to be the case by the visual inspection of all the vibrations using the GaussView visualization program.
The ab initio optimized structures of the O-cis and O-trans conformers of the title molecules are illustrated in Figure 1 . The O-cis and O-trans conformers refer to the configurations of C=O with respect to the 2C-8F bond. The resulting vibrational frequencies for the optimized geometries and proposed vibrational assignments are given in Tables 1 -3 . The tables also show the experimental vibrations of the compounds. The experimental (IR and R) vibration values of the molecules have been found by the spectra obtained from the web page of the Sigma-Aldrich Cooperation [16] . The calculated vibrations are scaled, and the symmetry species of all the vibrations are written in the first column of the tables. Since there are no reported assignments of the IR spectra of the DFBs we have used the assignments of fluorobenzaldehydes as proof [6] . The proposed vibrational assignments in the tables mostly correspond to the assignments given in the reference. However, some vibrational assignments are controversial.
As seen from Tables 1 and 2 , the experimental vibration values agree well with the calculated values for the O-cis and O-trans conformers of 2,4-and 2,5-DFB. The correlation graphics at the DFT 6-311++G(d,p) level are drawn in Figure 2 . The correlation factors in Table 4 [17] . Table 5 shows the sum of electronic and zero-point energies of the O-cis and O-trans conformers of the molecules, calculated at the HF and DFT(B3LYP) 6-311++G(d,p) level. These results are given without introducing any correction. The table also shows the mean vibrational deviations (|∆ν| ave ) between the calculated vibrational frequency values of the two conformers, and the relative energies. As seen, the mean vibrational deviation increases, while the relative energy increases. Therefore we state that the more different the molecular structure of the two conformers is, the higher is the relative energy between them, and this causes a bigger mean vibrational deviation. This comment has also been given for 2-, 3-and 4-pyridine carboxaldehydes in our previous study [18] . As we said before, for 2,5-DFB, the experimental vibration values correspond mainly to the O-trans conformer of the molecule. Furthermore, since the energy differences between the two conformers are larger than the one for 2,4-DFB, the relative energy is higher, and so a bigger vibrational deviation occurs (Table 5 ). On the other hand, for 2,6-DFB, due to the symmetry of this molecule, the two conformers are equally populated, and the observed vibrations should correspond to the average of those of each conformer. Therefore, the relative energy and mean vibrational deviation are zero. For this molecule, the correlation factors and graphics are given in Table 4 and in Fig. 2 , respectively. Table 6 shows the calculated optimized structure parameters (bond lengths and bond angles) for all the molecules. The experimental parameters obtained from the gas electron diffraction (GED) data of o-fluorobenzaldehyde [C 6 H 4 (CHO)F] are also given [17] . The calculated parameters in the table seem to be close to their corresponding experimental values. For all the title molecules the largest differences of the calculated geometries from the experimental ones are 0.038Å (HF) and 0.023Å (B3LYP) for the bond lengths and 4.3 • (HF) and 3.7 • (B3LYP) for the bond angles.
Conclusion
The vibrational frequencies, optimized molecular structures and corresponding vibrational assignments of the cis and trans conformations of 2,4-, 2,5-and 2,6-DFBs have been calculated using HF and B3LYP methods with the 6-311++G(d,p) basis set level. It has been shown that the preferential conformers of all the molecules in the ground state are the O-trans conformers. The mean vibrational deviation between the vibrational frequency values of the two conformers of all the compounds increases, while the relative energy in- Table 3 . Experimental and calculated vibrational frequencies of 2,6-DFB. ν shows the stretching, δ the bending, γ the out-of-plane bending, w the wagging, and ρ r the rocking modes. creases, and so it has been concluded that the higher the relative energy between the two conformers of the molecules the bigger is the mean vibrational deviation. 
